Introduction
The spallation and fission of the excited nuclei produced in collisions of 1 A.GeV U on a hydrogen target has been investigated in order to extend the domain of data already obtained by our collaboration, namely Au + p 1,2 and Pb + p 3 to a fissile projectile. These studies are part of an experimental program to collect nuclear data relevant for ADS 4, 5 , RNB and spallation neutron sources. For technical applications, reliable and accurate cross sections are needed and a special care was devoted to the experiment in order to fulfill these requirements. We report here on the measurement of fission residues left after the cascade of nucleon-nucleon collisions induced by the proton in the U-nucleus. The excited fragments produced cool down by evaporation of nucleons or light particles and may undergo fission. Evaporation residues have been analysed in a parallel work 6 . The experimental set up used at GSI is briefly described and the main results are presented. We show how from the kinematical properties and the isotopic distribution of fission fragments (f.f), the intermediate fissioning parent nucleus can be inferred. The balance between evaporation residues and f.f. provides a test of the energy dissipation of the excited intermediate system.
Experiment
Using inverse kinematics at relativistic energy, the f.f. are totally stripped of their electrons and forward focused. They can be separated by the FRagment Separator (FRS) 7 and identified by the associated detection system i.e. an ionisation chamber and a time of flight for Z and A determination, respectively. The performances of the equipement were demonstrated by the identification of 117 new n-rich fission fragments in U (0.75 GeV) + Be collisions. 8, 9 . The systematic scanning of the FRS magnetic rigidity allows to reconstruct the center of mass velocity spectra, truncated by the FRS angular acceptance α, as shown in Fig. 1b . Note that 4 to 5 isotopes of all of the 36 elements populated by fission are scanned simultaneously. It reduces the relative uncertainties due to beam intensity calibration or dead time corrections. The laboratory velocity of f.f. results from the Lorentz addition of the projectile velocity with the fission velocity.
From the gap between the first momenta of the two peaks, that is twice the apparent velocity V app , knowing α and its variance σ α , we calculate the angular transmission and the fission velocity V f for each isotope, see 10 .
Kinematics
Fission velocities varies as the inverse of the atomic number Z due to momentum conservation in fission. For each element, velocities of 15 to 25 isotopes are investigated. They decrease slightly with the mass of the isotope (1 to 2 %) except for the 4 lightest isotopes where they drop by 10 to 20%. This fall confirms that the 4 lightest isotopes are produced by secondary break-up of heavier fission fragments 11 . A mean value of the velocity per element is presented on Fig. 2 , to- gether with the 3 straight lines expected in case of fission of U, Rn and Hg. The paramerization of 12,13 and a deformation of β = 0.65 is assumed for calculating the three distributions of velocity as a function of Z of the f.f.. A small decrease of the measured values relative to the expected slope for decreasing Z is found. The data are compatible with 84 < Z < 90 for the fissioning nuclei.
Isotopic Yields: Symmetric and asymmetric fission
Isotopic cross sections have been obtained for all isotopes of the 36 elements produced by U + p fission, down to a threshold value of 0.1 mb. They cover a range of 0.1 to 14 mb. The measurements can be extended further for neutron-rich isotopes since they are not contaminated by secondary break-up, contrary to cross sections on the neutron-deficient side. Three distributions are shown here on Fig. 3 to illustrate our results. A systematic uncertainty of 10% is calculated, mostly due to the beam monitoring. The error bars reported on Fig. 3 correspond to the relative uncertainties. The isotopic cross section distributions show a bell shape with a shoulder on the neutron-rich side, more prominent in case of isotopes strongly populated in asymmetric fission. The "asymmetric" regime of fission, has been analysed in various experiments. In our previous study of U + Pb fission for example 14 , it was enhanced due to the strong Coulomb excitation of the giant resonance. The mean value of the mass A, A(Z) and the width σ A (Z) were determined coherently with previous works. The isotopic distributions presently measured are decomposed into contributions of symmetric and asymmetric fissions. As a result the element distribution shown on Fig. 4a can be shared into both components, as shown on the figure.
The mean value of Z, Z = 45 , is calculated for the total of the distribution shown on Fig.4a , down to Z = 28. For Z < 28, the binary break-up is still observed, and assigned by the FRS kinematical selection 15 . The occurence of the very asymmetric break-up with rising cross sections was already observed and discussed in other systems at similar excitation energies 16 . The region populated by the two fission regimes are characterized on the Fig. 4b . Asymmetric fission populates a narrow corridor (σ 
Mass Yields: Comparison with the Pb (1 A GeV)+ p system
The mass distribution σ(A) is built by summing isotopic cross sections for A fixed. It shows a roughly symmetric Gaussian shape except for the shoulders of asymmetric fission. We have plotted on Fig. 5 cross sections as function of the mass loss for spallation residues and f.f.. The Pb + p results 3 are reported also to illustrate the importance of the fissility in case of U. Total cross sections are almost the same within 10 %, (see the Table) but the dominant contribution of the fission for U is inhibited in case of Pb, whereas for Pb, excited fragments cool down mainly by neutron evaporation. The cross sections for (U + p)-evaporation residues 6 cannot be reproduced by the Bohr and Weeler model and dissipation has to be included in the calculation. The reproduction of measured data is optimum with a dissipation constant β = 2*10 21 s −1 23 .
Conclusion
The isotopic cross sections are determined for 1300 isotopes produced in the reaction U (1 AGeV) + p see Fig. 6 . The fission fragments, separated kinematically from the spallation residues are investigated and production cross-sections are determined within a range of 2 to 3 orders of magnitude down to 10 to 100 µb with an accuracy better than 15 %. The kinetic energy of each fragment is determined. Of a total cross section of 2 barns, 77 % is attributed to fission and 23 % to evaporation residues. Multifragmentation can be neglected. The mean element number and the mean neutron number of the f.f. allow to reconstruct 221 Th as the mean parent fissioning nucleus. 
